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Abstract Providing sound evidence to inform decision-
making that considers the needs of the most vulnerable to
climate change will help both adaptation and development
efforts. Such evidence is particularly important in climate
change ‘‘hot spots’’, where strong climate signal and high
concentrations of vulnerable people are present. These hot
spots include semiarid regions and deltas of Africa and
Asia, and glacier- and snowpack-dependent river basins of
South Asia. In advance of a major research effort focusing
on these three hot spots, studies were commissioned to
identify and characterize the current status of knowledge in
each on biophysical impacts, social vulnerability, and
adaptation policy and practice. The resulting seven papers
are brought together in this special edition, with this
editorial introduction providing background on these hot
spots, the program through which the studies were com-
missioned, and an overview of the papers that follow.
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Introduction
Climate change is widely predicted to have significant and
far-reaching impacts, with differences in vulnerability and
exposure to these impacts arising from non-climate stressors
and multi-dimensional inequalities. Poorer developing
countries and their populations are likely to suffer dispro-
portionately from these impacts (Smith et al. 2001; Mertz
et al. 2009). In many parts of the developing world, the poor
already struggle to cope with current variability in climate.
While the likelihood of limiting global temperature increase
to 2 is now considered very low, even a 2 rise in tem-
perature is likely to have a significant and detrimental impact
on regions home to large numbers of poor people (World
Bank 2012; Dimitrov 2010). Although people and societies
have adapted to climate variability for thousands of years, it
is the increased pace and scale of change that poses sig-
nificant challenges (Loarie et al. 2009).
Adaptation will be required to alleviate the worst effects
of climate change and help build resilience, especially for
the poorest and for those who live in the most vulnerable
regions of the world (Costello et al. 2009; World Bank
2012). A ‘‘business as usual’’ approach to adaptation will
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no longer be sufficient in the face of the scale and severity
of the projected changes (UNEP 2012). Recent estimates
suggest that the costs of adaptation to a 2–3 C rise in
temperature range from US $25 billion per year to well
over US $100 billion between 2010 and 2030 (Fankhauser
2010). For example, recent generation of adaptation cost
studies suggest that African economies are facing costs of
US $20–30 billion per year by 2030 at the latest (Fan-
khauser and Schmidt-Traub 2011). Although some
mechanisms are being set up to finance actions to respond
to the challenges posed by climate change (see Biagini
et al. 2014), it is important to tackle the uncertainty asso-
ciated with programming for a changing climate early on;
otherwise, there is a risk of taking not enough, too much, or
the wrong type of action (Ranger 2013).
Given the issues noted above, more and better evidence,
provided in accessible formats, is needed to support deci-
sion-making on adaptation, particularly in areas where poor
people’s livelihoods are most threatened by a changing
climate. To address this need, the United Kingdom’s
Department for International Development (DFID) and
Canada’s International Development Research Centre
(IDRC) set up a research program in 2012 named the
Collaborative Adaptation Research Initiative in Africa and
Asia (CARIAA). The program aims to help build the re-
silience of vulnerable populations and their livelihoods in
three climate change ‘‘hot spots’’ in Africa and Asia by
supporting research aimed at informing adaptation policy
and practice. The program is supporting this collaborative
and transdisciplinary research by funding consortia to un-
dertake programs of research in each of these hot spots.
To inform the development of the CARIAA program,
studies were commissioned to identify and characterize the
state of knowledge on biophysical impacts, social vul-
nerability, and adaptation policy and practice in the three hot
spots. These studies are profiled in this special edition. In this
editorial, we identify and define the CARIAA hot spot re-
gions and describe CARIAA’s collaborative and transdis-
ciplinary approach to adaptation research, providing a
framework for the studies included in this special issue.
Using a climate change ‘‘hot spot’’ approach
The biophysical environment is a key factor in the vul-
nerability of poor people (Smit et al. 2001), who often
inhabit areas where exposure to climate risks is dispro-
portionately higher. The livelihoods of poor inhabitants of
these environments are often also under great threat from
the biophysical impacts of climate change. Over and above
the physical and economic costs of these impacts on the
lives of the poor, there is a need to better understand the
risks climate change poses to social systems and cultures
which, as Adger et al. (2007) argue, give meaning and
value to peoples’ lives. These vulnerabilities do not exist
discretely but overlap in complex ways. Better under-
standing of these types of risks—including those exacer-
bated by maladaptative planning and practices—will be
critical to improving climate change adaptation research,
with implications for operationalizing adaptation options.
CARIAA’s approach to addressing these overlapping
vulnerabilities is to focus efforts on climate change ‘‘hot
spots,’’ defined as an area where a strong climate change signal
is combined with a large concentration of vulnerable, poor, or
marginalized people. Similar approaches to assessing or
mapping areas where climate hazard and social vulnerability
intersect have been used in other recent studies (see Thornton
et al. 2008; Ehrhart et al. 2009; Hare et al. 2011). The three hot
spots defined by the CARIAA program are:
• Semiarid regions in Africa and parts of South and
Central Asia,
• Deltas in Africa and South Asia, and
• Glacier- and snowpack-dependent river basins in the
Himalayas
Climate change is expected to have serious impacts for
people living within these hot spot areas—from loss of
food crop yields to disasters such as flooding, fluctuations
in seasonal water availability, or other systemic effects.
Through this hot spot approach, the CARIAA program will
support research and collaboration across regions and
continents, which we expect will yield new types of ana-
lysis, new opportunities for comparison, and potential for
scaling innovations up and out to national, regional, and
cross-continental scales.
Based on an analysis of the features of each of these hot
spots and a consideration of IDRC and DFID programming
requirements, CARIAA identified 47 countries that would be
considered eligible for activities and that have been included
in the studies contained in the papers that follow (see Annex
1). The following sections provide a brief overview of the
three hot spots defined by the CARIAA program.
Semiarid regions
These regions are home to approximately 2 billion people,
of which 90 % are estimated to live in developing countries
(Dobie 2001; UN EMG 2011). Semiarid regions are likely
to experience more frequent and intense droughts due to
climate change (IPCC 2014). The size of semiarid regions
is also expected to increase, with over half of Africa’s land
area vulnerable to desertification (Boko et al. 2007). Large
areas of sub-Saharan Africa and South and Central Asia are
marginalized and already under significant stress. The
vulnerability of populations in these regions is clear, con-
sidering that agriculture contributes 30–40 % of Africa’s
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GDP and supports the livelihoods of approximately 65 %
of the population (IFPRI 2009). While this last percentage
is projected to decrease due to rural–urban migration, food
security may be even more at risk if new ways to
strengthen the food production and transport systems in the
light of adaptation needs are not promoted. In South Asia,
there is high dependence on the annual monsoon, which
faces disruption under climate change. Furthermore, about
60 % of cultivated area in these regions is rain fed (World
Bank 2009), with a possible future increase in this figure in
some marginal areas.
Deltas
Coastal zones are home to more than 60 % of the human
population (a figure expected to climb to 75 % by 2025)
and are at the same time among the richest regions of the
Earth in terms of biodiversity. Ericson et al. (2006) esti-
mated that nearly 300 million people inhabit 40 major
deltas around the world, including all the large mega-del-
tas. Some mega-deltas, for example the Mekong, the
Ganges–Brahmaputra–Meghna, the Niger, and the Nile,
shape the social, economic, and cultural life of entire na-
tions. Deltas have become areas of growing economic
importance, reflected by increasing infrastructure density
(Nicholls et al. 2008) and ecosystem fragmentation (Ra-
machandran et al. 2010), and whose dynamics depend
critically on human activities and climatic event regulating
upstream sediment and water transport. This determines a
mixture of climatic and non-climatic factors at the origin of
vulnerability of communities living in deltas (Bianchi and
Allison 2009; Deltares 2009).
In South Asia, key problems affecting deltas include
relative sea-level rise (due to subsidence), decrease in
sediment supply (due to dams, sand and water mining and
partially to change in river flows due to climatic factors),
increase in groundwater salinity levels, and deteriorating
water quality; aggressive land loss and erosion due to
concurrent increase in frequency of floods, storm surges,
and extreme cyclonic events (Deltares 2009) coupled with
loss of natural protections ranging from mangrove forest
cover (Spalding et al. 2010), sand dune complexes (Saito
et al. 2007) to entire island such as in the Sundarbans in
India and Bangladesh (Gopal 2013). All of these factors
exacerbate the loss of lives during extreme events, loss of
agricultural land, damages to other economic activities
such as fisheries (Raha et al. 2012), loss of property and
infrastructure (Nicholls et al. 2008; Nicholls 2011), and
loss of biodiversity and species abundance. In Africa, the
main interconnected phenomena affecting deltas are
changes in freshwater availability and sediment transport
due to heavy upstream damming and changing rainfall
patterns (for example, in the Tana, the Zambesi and the
Nile), subsidence and coastal erosion (Nile, Mouloya;
Snoussi et al. 2008; Nicholls 2011), saline and other che-
mical intrusions (Niger), flooding (Cameroon; Munji et al.
2013), and loss of biodiversity.
There are strong causal links between the alteration of
deltaic dynamics and the utilization of natural resources in
lands upstream (often semiarid in the case of countries
selected by CARIAA), and changes in the precipitation
regimes in the mountain regions from where the rivers
feeding the deltas generate. The understanding and tackling
of vulnerability in deltas must therefore be done in con-
junction with the other two hot spots.
Glacier- and snowpack-dependent river basins
More than one-sixth of the world’s population lives in
glacier- or snowmelt-fed river basins, which will be af-
fected by significant decrease in water stored in glaciers
and snowpack (Kundzewicz et al. 2007). In the Himalayas,
this is of particular concern considering the large
population that depends on glacial melt water (IPCC 2007;
McDowell et al. 2014). For example, more than 1.5 billion
people living in the floodplains of the Ganges, Indus, and
Brahmaputra are dependent on the Himalayan water sys-
tem. The Hindu Kush-Himalayan (HKH) region, including
the Tibetan plateau, functions as a complex interaction of
atmospheric, cryospheric, hydrological, geological, and
environmental processes and bears significant influence on
the region’s biological diversity, climate, and water cycles
(Yao et al. 2011). The region also plays a prominent role
in generating the Asian monsoon system that sustains one
of the largest populations on earth (Boos and Kuang
2010). The ecosystem services from the Himalayan river
basins also form the basis for a substantial portion of the
region’s total gross domestic product (GDP; Eriksson et al.
2009).
Seasonal meltwater from the Himalayan glaciers is one
of the main sources of freshwater reserves that directly
sustain people living in many parts of the region, especially
in arid and semiarid areas (Lutz et al. 2014). At varying
degrees and times, about 1.3 billion people living in the
Himalayan river basins rely on both meltwater and mon-
soon waters to sustain their livelihoods, mainly for irriga-
tion, drinking, sanitation, and industrial uses (Eriksson
et al. 2009; Sharma et al. 2007; Xu et al. 2009). Net irri-
gation water demand is high in this region, but per capita
water availability is very low—around 2,000–3,000 m3-
/capita/year—which is far less than the world average of
8,549 m3/capita/year (Ramanathan et al. 2008). Based on a
projected estimate of glacier area in 2050, it is thought that
declining water availability will eventually threaten some
70 million people with food insecurity (Immerzeel et al.
2010). Part of the water flow in these river basins depends
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on snow and glacial melt to perennial rivers, such as the
Ganges, Indus, Brahmaputra, Mekong, and Yangtze. In
turn, the amount of snow- and ice melt influences runoff
into lowland rivers and the amounts of water recharging
river-fed aquifers. The greatest dependence is in arid and
semiarid areas, such as western China, northeastern
Afghanistan, Uzbekistan, and parts of Pakistan (Immerzeel
et al. 2010; Thayyen et al. 2007).
Collaborating across disciplines: introducing the seven
studies in this special issue
The papers gathered in this special issue focus on these
three high-risk climate change ‘‘hot spots.’’ Together, the
papers examine the biophysical and sociopolitical dimen-
sions of climate change impacts across a breadth of lit-
erature while addressing the following questions:
• What is a systematic yet pragmatic approach to finding
answers in such a multidisciplinary field?
• How can we frame the relationships between bio-
physical impacts, social vulnerabilities, and policy and
practice issues?
• What are the key issues in terms of the vulnerability of
poor people’s livelihoods to climate change?
• How can we identify potential solutions in the face of
uncertainty with a focus on long-term adaptation
planning and building local communities’ resilience
to climate change?
• What are the best entry points for uptake of research
results to assist the effective use of evidence generated
to inform policy responses and practice on adaptation in
developing countries?
The CARIAA program recognizes the need to draw on a
wide range of disciplinary expertise to address these
questions, and more broadly to respond to what some have
called the ‘‘disciplinary challenge’’ of adaptation research
(Mustelin et al. 2013). This is reflected in the program’s
consortium model, which brings together groups of insti-
tutions in each hot spot to conduct a collaborative program
of research.
This recognition also informed the structure of the
studies included in this special issue: rather than studies on
individual hot spots, the papers each address one of the
various facets of adaptation in the three hot spots, namely
biophysical impacts, social vulnerability, and adaptation
policy and practice. In the case of the papers covering
adaptation in policy and practice in the hot spots, one study
per hot spot was undertaken to allow greater scope for
contextualizing findings within the hot spot in question.
The methodology for addressing these questions and syn-
thesizing results was also a key consideration that required
a particular set of expertise and is covered within this
special issue. Given the inherent connections between the
biophysical, social, and political aspects adaptation in the
hot spots, authors of the studies worked in close consul-
tation to produce the comprehensive and interlinked studies
that follow in this special issue. The papers come together
as outlined in the following brief overview of the rest of
this special issue.
Exploring the literature on adaptation and framing
results
Berrang-Ford et al. (2015) open the special issue by de-
scribing the methodological challenges of synthesizing
research on climate change adaptation. Building upon an
emerging scholarship in this area in a climate change
context (e.g., Berrang-Ford et al. 2011; Ford et al. 2011;
Lesnikowski et al. 2013), they critically examine system-
atic review-based methodologies in terms of potential ap-
plications to questions in the human dimensions of climate
change research field, which, as they point out, is inher-
ently multidisciplinary and in need of significant method-
ological cross-fertilization. These insights on systematic
review in climate change adaptation research informed the
approach that other authors in this special issue used in
their studies.
Kilroy (2015) employs the systematic review method
outlined by Berrang-Ford et al. to characterize existing
knowledge on the biophysical impacts of climate change
across semiarid zones, mega-deltas, and glacier-fed river
basins in Africa and Asia. The paper provides an analysis
of the wealth of existing information published since 2006.
The review demonstrates the relative abundance of peer-
reviewed literature available on river basins over mega-
deltas and lack of relevant studies on Central Asia and
select African countries. The paper outlines opportunities
to move the research and programming agenda forward
particular to each hot spot area.
Major drivers of social vulnerability across socio-
ecological landscapes
Tucker et al. (this issue) review literature on the treatment
of social vulnerability to climate change in the hot spots,
including the conceptualization and assessment of vul-
nerability across socio-ecological conditions and different
spatial–temporal scales. The paper highlights the diversity
of approaches used to measure vulnerability. While broad
trends across hot spots emerged from the authors’ analysis,
it is clear that social vulnerability manifests in complex
ways according to local specificities, for example the
state’s role in adaptation. The state may, for example,
inadvertently constrain adaptive capacity in some areas, for
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example through policies to sedentarize pastoralists with-
out adequate support to alternative livelihoods that are
suitably ‘‘climate smart.’’ Alternatively, the state can play a
role in preventing maladaptation and conflicts from transfer
of vulnerability from one livelihood group, sector, or re-
gion to another. Overall, vulnerability has local, individual
impacts, but it is driven by compounding factors at dif-
ferent scales. The authors note that drivers of vulnerability
are often correlated with a combination of rapid population
and economic growth as well as the presence of significant
levels of poverty and weak institutional capacity. This in-
tersection represents a significant gap in adaptation
research.
Current trends in policy and practice across three
climate change hot spots
Lwasa (this issue) reviews the status of adaptation policy and
practice in deltas of Africa and Asia. While adaptation policies
seem to be sector-based wish lists, he observes that adaptation
practice in the deltas is currently mostly driven by reactions to
disasters such as flooding and storms and implemented by
local and international non-governmental organizations, with
frequently no backup from the policy and planning level. He
also raises the need to move from incremental to transfor-
mational adaptation, so that vulnerable communities can go
beyond reclaiming previous rights—which put them back into
the previous position of vulnerability—and implement long-
term adaptation. Finally, the paper points out some geo-
graphical differences in the actors engaging in the adaptation
and policy discourse in various deltas (e.g., mainly state in the
case of the Nile, as opposed to a mixture of state and local
actors in the Brahmaputra), which can suggest directions for
comparative research.
Sud et al. (2015) conduct a similar review for the
densely populated glacier-fed river basins of South Asia.
Flood control and trans-boundary water management are
the key issues in this hot spot. The authors review activities
and objectives at institutional, policy, and practice levels to
determine the region’s potential for adaptive governance.
While ambiguous goal setting constrains adaptation policy
implementation, institutions hold significant capacity for
adaptive governance. Adaptation responses and associated
documentation are prevalent. The paper illustrates this
‘‘policy-practice mismatch’’ as a potential barrier to
adaptive governance and provides potential entry points for
discussions with policy makers in the hot spot countries.
Bizikova et al. (2015) conduct a review of the literature
to address the gap between adaptation planning at the na-
tional level and projects from local to international levels
in semiarid regions. National priorities tend to be sector
based and overall focus on agriculture water management.
The authors reveal the influential role of international
agencies in achieving national adaptation planning goals,
in the cases where they align. Adaptation projects seem to
be supported mostly by international agencies as opposed
to national governments, allocated based on vulnerability
and ability of the recipient government to manage funds.
Projects also do not incorporate particular social issues
indicated in national adaptation strategies, such as migra-
tion and security. The needs of the most vulnerable are
mostly discussed in poverty reduction strategies, but not
climate change documentation.
Finally, Ford et al. (this issue) complement the in-depth
analyses described above with a broader review of the
current status of adaptation initiatives in CARIAA’s 47
‘‘hot spot’’ countries based on a systematic review of peer-
reviewed and gray literature as well as policy documents.
The authors observe that adaptation is the dominant focus
of reported initiatives, but that consideration of vulnerable
groups in the reported initiatives is negligible. Their ana-
lysis also shows that adaptation initiatives are being pri-
marily driven at the national level, with apparent minimal
involvement of lower levels of government or collabora-
tion across nations. There is very little work to date across
scales and actors to implement adaptation options (Ber-
rang-Ford et al. this issue), and the private sector is absent
in adaptation reporting.
Together, the results of this series of reviews, presented
in the papers that follow, provide a multi-disciplinary
perspective on the state of knowledge of climate change
adaptation and resilience in CARIAA’s climate change hot
spots.
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